Schizophrenia is a severe neurological disorder characterized by psychotic symptoms, emotional distress, and cognitive deficits. It results from an amalgam of genetic, developmental, and environmental factors. In the last decade, several studies identified Nrg1 and its receptor ErbB4 as major schizophrenia-risk genes (Stefansson et al., 2002; Norton et al., 2006) . Moreover, behavioral studies on different Nrg1 and ErbB4 mutant mice revealed various endophenotypes that are believed to be useful for modeling schizophrenia in mice (e.g., hyperactivity in response to novelty, hypersensitivity to psychostimulants, and deficits in working memory tasks). Similar phenotypes were shown in mice expressing mutated BACE-1 (the extracellular Nrg1-cleavage enzyme) (Savonenko et al., 2008) or Aph1B/C-␥-secretase (the Nrg1 intracellular proteolytic enzyme) (Dejaegere et al., 2008) . Together, these findings suggest that perturbed Nrg1 signaling leads to functional deficits that correlate with schizophrenia. Nonetheless, Nrg1 and ErbB4 mutants do not display overt morphological defects in the brain and the precise role of Nrg1/ ErbB4 signaling in the nervous system remains elusive.
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In addition to canonical forward signaling via ErbB family receptors, the membrane-bound form of Nrg1 can also activate reverse signaling. Upon synaptic activation or receptor binding, membraneassociated type III Nrg1 is cleaved by ␥-secretase to release the intracellular domain (NRG1-ICD), which translocates to the nucleus where it regulates gene expression (Bao et al., 2003 (Bao et al., , 2004 . Recently, it was shown that Nrg1/ErbB4 forward signaling promotes the formation of inhibitory circuits in the cortex (Fazzari et al., 2010) . Chen et al. (2010) show that Nrg1 reverse signaling is important for the development of the dendritic arbor of pyramidal neurons (PNs).
To address the function of type III Nrg1 in PNs in vivo, the authors compared the morphology of dendritic arbor of neurons in type III Nrg1-deficient and wild-type (WT) mice. The histological analysis of mutant and control brains revealed that the total length and number of branches of basal dendrites were greatly reduced in type III Nrg1-deficient versus WT neurons. Because axon length could not be measured efficiently in vivo, the authors used primary cortical cultures. Mimicking the in vivo data, the type III Nrg1 mutant neurons showed a clear reduction in dendritic development in vitro. In addition, the axonal length, but not the axonal branching, was reduced in type III Nrg1-deficient neurons.
To elucidate the molecular mechanisms involved in type III NRG1 function in the development of dendrites and axons, Chen et al. (2010) verified that Nrg1 reverse signaling occurs in cortical cultures by showing that ErbB4 binding stimulated translocation of NRG1-ICD to the nucleus and activated transcription of a luciferase reporter gene. Furthermore, they found mutations in the intracellular portion of Nrg1 (V321A/V322A and K329A/Q330A) that abolished the transcriptional activation. The actual translocation of control and mutant NRG1-ICD to the nucleus was also measured by immunofluorescence, confirming the results of the luciferase assay. Consistent with this finding, a similar mutation (V321L) that is associated with schizophrenia (Walss-Bass et al., 2006) was previously shown to impair ␥-secretase cleavage of Nrg1 (Dejaegere et al., 2008) .
Interestingly, the immunofluorescence shows the presence of NRG1-ICD in the nucleus even without ErbB4 stimulation. Consistently, in the luciferase assay, WT Nrg1 displays a basal level of transcriptional activation in absence of exogenous ErbB4 that is higher than the uncleavable forms. Although Chen et al. (2010) do not clarify whether this difference is statistically significant, these experiments suggest that a small but considerable amount of WT Nrg1 was processed in absence of exogenous ErbB4 stimulation. As the authors subsequently claim that type III Nrg1 function is ErbB4 independent, it would be important to clarify this issue.
Next, Chen et al. (2010) tried to rescue the dendritic and axonal phenotype in type III Nrg1-null neurons by expressing WT or mutant forms of type III Nrg1 in vitro. They found that both residues V321/V322 and K329/Q330, which are required for type III Nrg1 cleavage and nuclear translocation, were necessary to rescue the dendritic phenotype. In contrast, even the uncleavable Nrg1 mutants could rescue the axonal phenotype, show-ing that Nrg1-ICD processing is not essential for axonal maturation.
Because Nrg1-ICD transcriptional activation is triggered by receptor binding, the authors asked whether type III Nrg1 actions were dependent on endogenous ErbB4. Intriguingly, the authors showed that pyramidal neurons from ErbB4-deficient mice displayed normal morphology. This result suggests that ErbB4 plays a redundant role in Nrg1 backward signaling, but it still leaves open the possibility that another receptor of the ERBB family might activate Nrg1-ICD in cortical neurons (Fox and Kornblum, 2005) . To study this issue, we believe that it would be valuable to quantify the amount of Nrg1 that is cleaved to release Nrg1-ICD in ErbB4 mutant cultures. In addition, it would be informative to test the effect of exogenous ErbB4 stimulation on dendritic arborization; if the amount of Nrg1-ICD transcriptional activation proportionally increases dendritic arborization, exogenous ErbB4 stimulation is expected to enhance dendritic development in a dose-dependent manner. Alternatively, Nrg1-ICD activity could be just a permissive factor. In this case, a low level of Nrg1-ICD transcriptional activation might be necessary and sufficient to allow proper dendritic development, even in absence of ErbB4.
In summary, the work by Chen et al. (2010) provides important evidence that the Nrg1 is differentially required in PNs for axonal and dendritic development. In particular, Nrg1 reverse signaling, initiated by ␥-secretase-mediated intracellular cleavage, is necessary for dendritic development of cortical neurons both in vitro and in vivo. This suggests a dual function for Nrg1 in sculpting the cortical wiring. On one hand, Nrg1 forward signaling via ErbB4, which is mainly expressed in parvalbumin-positive interneurons that target the soma and the axonal initial segment of PNs, promotes the establishment of negative feedback inhibitory circuits on PNs (Fazzari et al., 2010) . In particular, ErbB4 is required both for the formation of excitatory synapses onto parvalbuminpositive interneurons and for the formation of inhibitory synapses over cortical pyramidal cells. On the other hand, Chen and colleagues (2010) suggest that reverse signaling via Nrg1 shapes cortical circuitry by promoting the development of PNs dendrites.
Nonetheless, several issues remain to be elucidated about the role of Nrg1-ICD in vivo. First, the histology of the brains of type III Nrg1-deficient mice should be carefully analyzed to explain the surprising finding that, despite a dramatic decrease in PN dendritic length (ϳ50%), these mutant mice do not display a decrease in cortical volume. Notably, a decreased cortical volume is a typical hallmark of schizophrenia. Second, since Nrg1-ICD regulates the expression of PSD-95, a major postsynaptic scaffolding protein of excitatory synapses (Bao et al., 2004) , it would be useful to determine whether type III Nrg1-deficient mice display defects in synaptogenesis and/or in excitatory transmission between PNs. Third, it was reported that Nrg1-ICD prevents neuronal apoptosis by regulating the expression of apoptotic genes (Bao et al., 2003) . This introduces a caveat to the Chen et al. (2010) study since the impaired neuritic development might also be explained by distress resulting from an increased sensitivity to apoptotic factors. Finally, the molecular mechanisms of Nrg1 reverse signaling remain to be clarified. By definition, reverse signaling is elicited by the intracellular domain of a ligand upon binding to its receptor. However, the authors claim that Nrg1 backward signaling is independent of ErbB4 and of ERBB receptors kinase activity. It was previously shown that ␥-secretasedependent cleavage of type III Nrg1 can also be activated by synaptic activity (Bao et al., 2004) . Nevertheless, synaptic activity hardly explains the in vitro phenotype at 3 d in vitro reported by Chen et al. (2010) because synaptic activity is not yet present in these young cultures. In addition, the fact that uncleavable Nrg1 expression in type III Nrg1-deficient PNs rescues the axonal phenotype suggests a cell-autonomous function that is independent of Nrg1-ICD transcriptional activity.
In conclusion, Chen and colleagues (2010) provide convincing evidence that type III Nrg1 reverse signaling promotes dendritic arborization in cortical PNs. Remarkably, this Nrg1-ICD function seems independent of ErbB4, suggesting a heterodox form of backward signaling. These findings support the relevance of Nrg1 function in cortical development; nonetheless, more work remains to be done to understand the role of Nrg1 in cortical wiring and in the etiology of schizophrenia.
